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Abstract. The CVD-method of organometallic compounds is a universal method of obtaining functional metal
coatings on substrates of various chemical composition and configuration. The essence of the method is the
evaporation (sublimation) of the organometallic compound in the reactor of the metallization unit and the deposition
of metal on the substrate heated to the decomposition temperature of the initial reagent. This article presents the
results of research work group of authors to create the algorithm of development safe methods foe depositing
metallic coatings by CVD-method. The increase of the industrial safety of metallization is achieved due to automation
of the process, equipping the plant for the application of metal coatings with locking and alarm systems. The
ecological nature of the CVD-method, in which extremely hazardous substances were used as initial reagents, was
ensured by sealing equipment and conducting the process in a closed cycle with the possibility of re-use of the
reagents. This eliminated the flow of pollutants into the environment and allowed the implementation of the principles
of resource and energy conservation.
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emissions of pollutants into the air (gaseous
substances, aerosols of organometallic compounds,
etc.), wastewater discharges of complex composition,
forming at the stages of preparation of substrates for
metallization (surfactants, metal cations) into water
bodies, the formation of solid waste production and
consumption (waste filters, packaging waste, etc.).

Introduction

The application of functional metal coatings is
characterized by a complex negative impact on the
environment, regardless of the method and apparatus
design of the process. The implementation of
technological processes, including restoration and

hardening of machine parts, the creation of composite
materials using the CVD method (Chemical Vapor
Deposition, that means, “chemical gas-phase
deposition”) come with the expenditure of natural
resources (energy, water, etc.), are accompanied by

This makes it necessary to apply a comprehensive
and integrated approach in the search for mechanisms
to ensure the required level of safety of relevant
technological processes and production [1 - 3].
When developing technological processes and
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introducing them into enterprises, it is necessary to
justify the safety of all elements of the production
system (feedstock, auxiliary materials, hardware
design, marketable product) for human health and the
environment [1, 2].

The purpose of this study is to create an
algorithm for the development of environmentally
friendly methods for applying metal coatings using
the CVD method.

Experimental part

The preparation of a metal coating on the surface
of a substrate can be carried out by various methods,
such as galvanic deposition, diffusion metallization,
gas-flame and plasma spraying, laser and gas-powder
surfacing [4 - 6]. Recently, the CVD method has been
of great interest, the use of which allows one to obtain
high-quality coatings and films on substrates of
various chemical compositions and configurations.
As starting reagents, various groups of
organometallic compounds (OMC) are used.

The essence of this method is as follows: the
initial compound, converted by evaporation or
sublimation into a gaseous state, enters the reaction
chamber, where it is deposited on the surface of a
substrate heated to the decomposition temperature of
the reagent.

The main safety problems in the implementation
of the CVD method in the production environment
are associated with the potential risk of
contamination of the air of the working area,
atmospheric air and surface water bodies with toxic
chemicals used as auxiliary and starting compounds,

as well as those formed as products of chemical gas-
phase deposition of organometallic compounds.

The discussion of the results

Analysis and assessment of the safety level of the
production cycle begins with the stage of preparatory
operations for metallization, including the following
main stages: washing, including interoperational and
final, degreasing, activation, sensitization or
chemical oxidation of the surfaces of substrates
(parts, filler elements of composite materials).

Parts washing at the stage of preparatory
operations is carried out in hot water (t =60 ... 70 °C)
without adding reagents, which is accompanied by
the formation of category | wastewater. The
remaining stages are characterized by the use of
reagents and the formation of wastewater of
categories I, II, Il and 1V [1].

To quantify the degree of environmental danger
of the components of technological solutions, it is
necessary to determine the wvalue of their
environmental criterion, which is calculated as the
ratio of the final concentration of each component of
the solution in discharged waste water to its
maximum permissible concentration in the water of
the water body being exposed. Table 1 presents the
results of the analysis and calculation of the degree of
environmental danger of the solution components
used in the preparatory stages of the technological
processes of applying wear-resistant coatings and
metallization of the elements of the reinforcing phase
of composite materials by the CVD method of
carbonyl organometallic compounds [1, 6 - 8].

Table 1 The degree of environmental hazard of the components of the solution at the stage of preparatory metallization

operations CVD-method

Name of the Maximum . o
. X . L Ecological criterion of
Solution technological operation permissible .
. X . Danger Class the solution
components in which the components | concentratio, component
are used mg/dm® P
OP-7 Chemlcal_degreasmg ofa 0.3 3 1,7-10*
metallized surface,
OP-10 including glass and carbon i
fibers 0,5 4 1,2:10
Cr3* Liquid phase oxidation of 0,07 3 0,4-10°
Mn?* a metallized surface,
including glass and carbon 0,01 4 0,5-10°
fibers
Sn2* 0,112
. 6
(SnCl2) Metallic surface activation (in t;airnn;s of 4 0,310
Pd?* - - 0,03-10°
Cr Sensitization of a 300,0 4 14108
metallized surface
5 -
SOy Carbon nanomaterial 100,0 ) 0.9-10°
purification oxidation
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According to table 1, the greatest environmental
danger is wastewater formed at the stages of liquid-
phase oxidation and activation of the metallized
surface, which suggests the need for organizing and
implementing complex multi-stage wastewater
treatment at this production site.

CVD metallization is carried out in sealed
reaction chambers. The release of harmful (polluting)
substances into the atmosphere can occur in several
cases:

1. Hazardous to the environment and human
health substances are formed in the form of products
of incomplete combustion of the MOC when non-
compliance (violation) of the technological
conditions of the process (temperature and pressure
in the reaction chamber, pumping speed of reagent
vapors, concentration of OMC vapors, volumetric
gas velocity, the presence of additives to vapors
OMC and others) and can enter the atmosphere when
using installations that are not equipped with an
afterburner.

2. Toxic compounds can enter the air of the
working zone during depressurization of the reaction
chamber during operation of faulty equipment.

This case can be attributed to the category of
emergency situations at the facility, which
determines the need for an accident risk analysis
procedure, which includes identifying the conditions
for the occurrence and development of a dangerous
situation and assessing the risk of accidents at the
metallization site of the enterprise.

For the CVD method, the essence of which is the
evaporation (sublimation) of an organometallic
compound and the deposition of metal on a substrate
heated to the decomposition temperature of OMC
(from 70 to 650 °C), it is rational to apply the hazard
and operability analysis method [5].

The main metallization risks are associated with
the initial reagents for the CVD process. In the
practice of modern plants, when choosing initial
OMC, preference is given to carbonyl,
cyclopentadienyl and diketonate compounds of
transition metals, which is determined by their high
volatility and ease of thermal dissociation at
relatively low temperatures. Moreover, many OMCs
are classified as highly toxic compounds (for
example, nickel tetracarbonyl, iron pentacarbonyl),
which imposes serious requirements on ensuring the
safety of the technological processes in which they
are used [3].

At the stage of experimental research, when the
search for optimal temperature and speed conditions
of metallization is carried out and the process is
carried out unidirectionally, the installation for
applying metal coatings should be equipped with a
afterburner in which, under the influence of high
temperatures, unreacted compounds are completely

decomposed to safe products. This will reduce the
risk of returning to the reaction chamber of non-
volatile compounds (products of incomplete thermal
decomposition of the starting reagents) and eliminate
the likelihood of their release into the environment.

In other cases, metallization is carried out in
optimal technological conditions in a closed circuit:
unreacted compounds (not more than 5%) are
returned to the reaction chamber, where re-
decomposition of the vapor-gas mixture occurs in
subsequent intervals of the working cycle [4, 5].

In order to ensure environmental safety
requirements and minimize the risk of accidental
emission of harmful substances formed in the event
of a change in technological process conditions, it is
necessary to ensure the possibility of placing
metallization plants in fume hoods, as well as equip
the CVD coating plants with aerosol (dust) emission
purification devices.

It is recommended to use filters of various
designs to clean the exhaust air from potentially
dangerous reaction products of the CVD process.

The composition of the forming aerosol includes
particles of metal oxides and carbides, atomic carbon;
particle size less than 1 micron. In this case, the
efficiency of the dust collection will be significantly
affected by the electric charge of the particles: the
presence of unlike charges on the particles increases
the filtration efficiency. This effect is weaker with
increased moisture content (up to 70%) and high gas
and dust flow velocities (up to 6 m/ min) [1, 3].

To implement the CVD method in the conditions
of production of a unigue high-tech commaodity
product, it is recommended to equip the metallization
plants with fine filters, which are designed to capture
predominantly submicron particles from the exhaust
gases with a low input concentration (less than 1 mg
/ m®) and a filtration rate of less than 10 cm / sec.
These filters cannot be regenerated. The degree of
dust collection reaches 99% [1, 8].

Conclusions

Thus, in order to reduce the degree of negative
impact on the environment, to ensure the safety of
metallization processes using the CVD method, a
comprehensive analysis and assessment of the
process safety level with the justification of
organizational, managerial, technical and design
solutions for its optimization is recommended. For
the CVVD method, it is relevant:

v"introduction of low-waste and resource-
saving technologies,

v/ organization of
treatment systems;

v' reduction of pollutants hazardous to the
environment and human health into the

local wastewater
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v oair.

Among technological and technical approaches
to optimizing production, the main attention should
be paid to the following:

v the use of high-performance
technologies in the lines, allowing to

obtain high-quality coatings in the
optimal high-speed mode of
metalization;

v" introduction to the line of devices of
operational information on the status of
the implementation of individual stages
of technological processes;

technological processes.

Management approaches include the
implementation of environmental and energy
management systems or the use of their tools
(auditing, environmental and energy efficiency
programs).
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MeTann opraHukanbIK KocbinbictapabiH CVD-agiciMmeH MeTtann XabblHAapbIH
XaryablH Kayinci3 agictepiH asipney anroputmi

Kosbipena J1. B., ®ageeB O. B., lOguH A. O.

Tyitinneme. Metamn opranukaibik KocsuibicTapabiH CVD-o/ici XUMUSITBIK KypamMbl MeH KOH(UTypalusuiapbl opTypii
TeceHilmTepae (QYHKIMOHAIIBl MeTaJl XKaObIHIAPBIH aXylIblH oMOeOan amici Oombln TaObuIambel. TociimiH MoHI —
MeTalliay KOHIBIPFBICHIHBIH PEaKTOPhIHAA METalul OpraHHWKAJIBIK KOCBUIBICTAPABIH OylaHybl (CyONMMAIHACKH) >KOHE
OacTaInKpl peareHTTIiH BIABIPAY TEMIIEpaTypachlHa AeiiH KbI3IBIPhUIFaH TOCCHIIITE MeTalabl TYHABIpY. Makanaga CVD-
o/liCiIMEH MeTaJul >KaObIHAAPBIH Kary[blH Kayillci3 OICTEepiH 93ipiey alrOpUTMIH jxacay OOWBIHIINA aBTOpPIAp/AbIH
FBUIBIMHU-3€PTTEY KYMBICTAPBIHBIH HOTHXKENEPI KeNnTipiireH. Metan anbIpyIblH OHEPKCIIITIK KaylNCi3AiriH apTThIpyFa
— YpIiCTi aBTOMAaTTaHIBIPY, METaUl KaObIHAAPIbl JKajaTyFa apHAIFaH KOHIBIPFBIHBI OyFaTTay >KOHE CHTrHal Oepy
KyhernepiMeH xaOnplkTay eceOiHeH KOl JKeTKiinmenmi. bacTamkpl peareHTTep peTiHAE aca KayilnTi 3aTTap
naiinazassuaTeiH CVD-0micTiH KONOTHSITBIFEI KaOIBIKTH TePMETU3ANNIIaAYMEH JKOHE YPIICTI TYHBIK IUKIIAE KYPTizy
apKBUIBl peareHTTepli KaiiTa malanaHy MYMKIHIOITIMEH KaMTamachl3 eTineni. Byn KopimaraH opTara JiacTayIibl
3aTTap.IbIH TYCYiH OOJABIPMAAbI 5KOHE Pecype - ’KOHE YHEPTHs YHEMIEY KaFHIaTTaphlH iCKe acBIpyFa MYMKIHIIK Oeperi.
Tyitinai ce3nep: XumMusiiblk ra3ha3aiblk TYHIBIPY, METAIUT OPIraHUKAIBIK KOCBUIBICTAp, KAYINCI3 K, aBTOMATTaHIBIPY,

Kop (pecypc) yHemzey.

AnropunTtm pa3paboTkm 6e3onacHbIX CNOCOOGOB HAHECEHUA MeTannnyYecKux
nokpbiTun CVD-mMeTOAOM MeTannoopraHM4eCKMX CoOeguHeHUn

KozbipeBa 1. B., ®ageeB O. B., lOguH A. O.

AnHotamusa. CVD-meron MeTalIoOpraHW4ecKuX COCAWHEHHWH SBISAETCS YHUBEPCAJbHBIM METOIOM MONy4eHHUS
(YHKIIMOHAIBHBIX METAJUIMYECKUX TOKPBITHH Ha MOAJIOKKAX Pa3NIUYHOrO XHMHYECKOTO COCTaBa M KOH(UTypamum.
CymHocTs crocoba 3akmodaeTcs B HCMApEeHWH (CyONMMAalM) METaUIOOPTaHWYECKOrO0 COEAWHEHHUS B pPEaKTope
YCTAHOBKHM METAJUTH3AIMU W OCAKICHUN METajula Ha MOAJIOKKY, HATPETYIO0 J0 TEMIEPAaTyphl Pa3oKeHUs] HCXOJHOT O
pearenTa. B cTathe mpencraBiieHbl pe3ynbTaThl HAyYHO-MCCIIEJ0BATENbECKOW pabOTh aBTOPOB IO CO3JAHUIO AITOPUTMA
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pa3paboTku  Ge30IacHbIX CIOCOOOB HaHeceHWs MeTauinueckux mHokpeituii  CVD-meromom.  [loBsiiieHue
MIPOMBIIIICHHON 0€30MaCHOCTH METAJTM3AIUK JTOCTUTAETCS 38 CUET aBTOMATH3AIMU TPOIECCa, OCHAIIEHUST YCTAHOBKH
JUTSl HAHECEHUsI METAJUTHYECKHUX TIOKPBITUI CUCTeMaMu OJIOKUPOBKH M cUrHaimm3anuu. Dxonornynocts CVD-metona, B
KOTOPOM B KaueCTBE MCXOJHBIX PEAreHTOB HUCIOIBb3YIOTCS 0CO00 OMAacHbIE BEIIECTBA, 00ECIICUMBACTCS repMETH3AIINEH
000py/I0BaHUSI U ITPOBEACHUEM MPOIIECCA B 3aMKHYTOM IHKJIE ¢ BO3MOYKHOCTHIO TIOBTOPHOI'O UCIIOIb30BAHMUS PEareHTOB.
DTO HCKIIOYHUT MOCTYIUICHHE 3arpsI3HSIONIMX BEIIECTB B OKPYXKAIOUIYIO CPEAy U IMO3BOJUT PEATM30BATh MPUHIIUIIBI
pecypco- U 3HeprocoepeKeHusI.

KnroudeBble ciioBa: XHMHYECKOE Ta30(pa3HOE OCaXKICHHE, METAIUIOOPTAaHHUECKUE COCMHCHHs, Oe30MacHOCTb,
aBTOMATHU3ALHS, pecypcocOepeKeHHeE.
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